Carbonate-rich lakes accumulate a number of ions, in addition to phosphate, from their hydrologic basins, and concentrate these ions until they precipitate from solution as salts (1) (Fig. S1 ). Most ion concentrations in carbonate-rich lakes, with the exception of Ca 2+ and Mg 2+ , increase linearly with phosphate in approximately 1:1 trends (Fig. S1 ). This indicates that phosphate in carbonaterich lakes behaves as a conservative solute, that is, it does not precipitate during evaporation as a salt. This is in stark contrast to the situation in most surface waters on Earth, where phosphate has a highly non-conservative behavior and precipitates as apatite minerals.
Inductively Coupled Optical Emission Spectroscopy (ICP-OES); however, ICP-OES suffers from matrix effects when measuring trace components in concentrated solutions, which may raise the apparent ion concentration. Given that Ref. (6) gives little information on the analytical procedure, and that the Ca 2+ and Mg 2+ values are anomalously high, these measurements are of questionable accuracy. Other anomalously high Ca 2+ values are from analyses done prior to ~1920, and so are also of questionable accuracy.
As an example of possible inaccuracies in literature Ca 2+ analyses, Owens Lake, California, was analyzed prior to ~1920 and found to have ~1 mM Ca 2+ (7) . In comparison, a later study done by highly competent researchers measured 0.05-0.2 mM Ca 2+ (3) , which decrease with increasing carbonate alkalinity during evaporation as expected. We may also compare environmental Ca 2+ concentrations with careful laboratory measurements of calcite solubility in Na2CO3 solutions (8) , which indicate Ca 2+ concentrations between 0.01-0.1 mM Ca 2+ depending on the inorganic carbon concentration. Furthermore, we measured Ca 2+ concentrations in several of the experimental brines in this manuscript (see SI Appendix B), and found that concentrations are ~0.1 mM.
Carbonate-rich lakes are rich in many other ions such as F -, Li + , silica, and trace metals (9) (10) (11) . In particular, silica and trace metals accumulate because of the formation of more soluble ion complexes in the presence of high pH and/or high concentrations of background ions. Silica accumulates at relatively high concentrations in carbonate-rich lakes because -34 H SiO and H SiO species form at high pH, instead of 0 44 H SiO species at low pH. Similarly, trace metals are relatively soluble in carbonate-rich lakes because they form complexes with concentrated Cl -, OH -, -3 HCO , and [2] [3] CO ions.
Finally, we note that phosphorus may be present in inorganic and organic forms. In most analyses presented in Fig. S1 , phosphate is measured using colorimetric methods, which is sensitive only to dissolved inorganic phosphate; however, measurements of the bulk P content by atomic emission methods yields only the total dissolved P (inorganic + organic phosphorus). In these cases (e.g., the P analyses for Goodenough and Last Chance lakes), a fraction of the total measured dissolved P may be due to the dissolved organic phosphorus.
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Fig. S1. Concentrations of P, Na + , K + , Ca 2+ , Mg 2+ , B, Cl -, [2] [3] [4] SO , Br -, and Fin Searles Lake, Lake Magadi, Goodenough and Last Chance lakes (GE/LC L.), various other African lakes (African L.), and various other North American Lakes (N. American L.). We only plot lake compositions that have been analyzed for phosphate/phosphorus. The dashed line in the Brvs. phosphorus plot indicates the 1:1 trend expected for conservative solutes.
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Appendix B: Results of experiments on gypsum addition to phosphate-rich brines
The results of our experiments on phosphate-and carbonate-rich brines in the lab are presented here. Table S1 describes the initial salt content of the solutions, the salt concentration after equilibration (calculated by accounting for ions precipitated in solid phases, as described in the Methods section), and the modeled pH, pCO2, and %HCO3 in the equilibrated solution. Table S2 describes the composition of solid phases on a dry weight basis after equilibration, where the [2] [3] CO content is calculated based on charge balance (as described in the Methods section). Finally, the XRD profiles of the solid phases listed in Table S2 are presented in Fig. S2 through Fig. S6 .
To check our modeled pH values listed in Table S1 , we also measured the pH of several solutions with a standard glass electrode, and found that the measured pH was typically within 0.2 of the modeled value. We note that pH measurements in salt solutions are complicated by several sources of error, such as theoretical uncertainties on the value of single ion activity coefficients in concentrated solutions and liquid junction potential errors (12) . Another possible issue is that the modeled pH is sensitive to errors in the composition of the precipitated salts, which we subtract from the initial prepared solution composition to arrive at the final solution composition. First, measured ion concentrations have likely errors of approximately ±5 % based on the accuracy of ICP-OES analyses. Second, errors in the assumed ionic speciation of the solid phases can affect the modeled pH. For precipitated solids, we assumed that only [2] [3] CO and [3] [4] PO ions were present, based on solids identified via XRD, but -3 HCO and [2] [3] [4] HPO ions may also have been present in the solids. Removing [2] [3] CO and [3] [4] PO ions from the initial solution results in a lower modeled pH than if -3 HCO and [2] [3] [4] HPO ions are removed. This is because [2] [3] CO and [3] [4] PO ions have more alkalinity than equivalent concentrations of -3 HCO and [2] [3] [4] HPO ions.
Another key assumption in our analysis is that all of the Ca 2+ in the experimental solutions remained in solid phases. We tested this by measuring Ca 2+ in a representative suite of four samples using ICP-OES (sample numbers 1, 8, 9, and 11 in Table S1 ). To achieve the highest possible accuracy, we corrected for matrix effects by spiking each sample with known amounts of Ca 2+ , and ensuring that no precipitates formed by acidifying with HNO3. Each sample was analyzed with no added Ca 2+ , followed by three replicate samples with increasing amounts of Ca 2+ . We then calculate the Ca 2+ in the unspiked samples by linear regression of the spiked samples. The lowest concentration of Ca 2+ that we spiked the samples with was 0.1 mmol·kg -1 . Our results indicate that Ca 2+ concentrations are 0.07, 0.11, 0.045, and 0.033 mmol·kg -1 for sample numbers 1, 8, 9, and 11 respectively in Table S1 . For an initial added Ca 2+ concentration of 100 mmol·kg -1 , this means that ~99.9 % of the added Ca 2+ remained in solid phases over the course of the experiment. Table S1 . The concentration of ions (molal) in the initial and final solutions equilibrated over 1 to 4 weeks. The initial total molality is the molality of all salts initially added to the experiment, including gypsum. The final aqueous molality is the solution molality after equilibration, which is calculated by assuming all Ca 2+ is present in solid phases, and subtracting ions precipitated in solid phases (see Table S2 ) from the initial total molality. Finally, the modeled values for the equilibrated solution were determined by modeling gas-solution equilibrium with 100 ml of headspace (as in the experimental set-up) using the geochemical program PHREEQC and the aqueous database THEREDA. Table S2 . The concentration of ions (wt. %) in solid phases after equilibration of the solutions given in Table S1 , and drying at 60°C in a vacuum oven overnight. Na, Ca, P, and S were measured using inductively coupled optical emission spectroscopy (ICP-OES), whereas the [2] [3] CO content was calculated via charge balance (see Methods). Phases determined via XRD analysis (presented in Fig. S2 through Fig. S6) Table S1 and Table S2 . Fig. S3 . XRD profiles of saturated carbonate brines containing 50 mmol·kg -1 phosphate and 10 mmol·kg -1 Fequilibrated for two weeks at various molar HCO3:CO3 ratios. This corresponds to sample numbers 12 to 22 in Table S1 and Table S2 . Table S1 and Table S2 . Table S1 and Table S2 . Fig. S6 . XRD profiles of saturated carbonate brines with a molar HCO3:CO3 ratio of 0.6:0.4 and 10 mmol·kg -1 Fequilibrated for two weeks at various initial phosphate concentrations. This corresponds to sample numbers 32 to 36 in Table S1 and Table S2 . salt ( i n ) at molality m (mol·kg -1 ) leads to expressions for the activity coefficients for water (aw) and salt (  ) respectively: 
 is a higher-order electrostatic terms that account for interactions between ions of the same sign, but different charge (i.e. ij zz  ), and () gx is given by:
  Finally, equilibrium between an aqueous solution and a hydrated salt with x water molecules, c  cations, and a  anions is described by the precipitation/dissolution reaction: (8) 
where the thermodynamic equilibrium constant K for this reaction may be calculated from the ion activity product of the saturated solution: (9)      , (1)  , (2)  , C  ,  , and  , equilibrium constants K , and temperature-invariant parameters 1  and 2  . For Pitzer parameters, PHREEQC uses the temperature dependent expression: (10)     22 0 1 2 3 4 5 22
where i a are empirical fitted parameters, r T is a reference temperature at 298.15 K, and P is a Pitzer parameter. For equilibrium constants, PHREEQC uses the temperature dependent expression: (14), and fit to the Pitzer model described above by least-squares-minimization. The experimental data and the resulting model fits are given in Fig. S7 . Fig. S7 . Experimental solubility measurements (molal) for saturated sodium phosphate solutions at variable temperature for NaH2PO4 (red circles) and Na2HPO4 (green circles) salts. The modeled solubility of these salts is given as dashed lines.
PHREEQC database file
The following PHREEQC input code was used to model the solubility of phosphate salts in the Na-Cl-P-CO2-H-OH system over a temperature range of 0 to 100°C. The interactive version of PHREEQC is available at https://www.usgs.gov/software/phreeqc-version-3/. If using the interactive version of PHREEQC, the definitions of all input parameters given below are welldescribed in the program. We have commented on the code primarily to specify the source reference for specific parameters. 
